Debaryomyces hansenii is traditionally described as a halotolerant non-conventional yeast, being 1 5
For the growth curves in low glucose conditions, D. hansenii pre-cultures were prepared as 1 3 1 specified in the above paragraph. From those pre-cultures, cells were grown in the same medium 1 3 2 but with 0.2% of glucose, and with or without 1M/2M of NaCl or KCl, in order to get their 1 3 3 growth profile. Initial OD 600 in the flask was 0.1 and samples were taken during eight days of 1 3 4 cultivation at 28°C, 150 rpm. Biostat Qplus bioreactors (Sartorius Stedim Biotech, Germany). The temperature was controlled 1 3 8 at 28°C and pH was maintained at 6.0 (when desired) by the automatic addition of 2M NaOH / 1 3 9 2M H 2 SO 4 , and measured by pH sensors (Model EasyFerm Plus K8 160, Hamilton) . The 1 4 0 volumetric flow rate (aeration) was set at 1 vvm and the stirring was constant at 600 rpm. Dissolved oxygen concentration was also measured by DO sensors (Model OxyFerm FDA 160, 1 4 2 Hamilton). The working volume in the vessel was 0.5 L, using exactly the same medium 1 4 3 composition as in the pre-culture, containing either 2% or 0.2% of glucose when required. To were added to the medium before autoclavation. The bioreactors were inoculated with 24 h 1 4 6 inoculum from the pre-culture to get an initial OD 600 of 0.05-0.1. Samples for dry weight, optical 1 4 7 density and HPLC were taken after the CO 2 percentage values reached 0.1 and until stationary The concentrations of glucose, glycerol, acetate and ethanol were measured by High Technologies, Germany). The injection volume was 20 µl, the eluent 5mM H 2 SO 4 and the flow 1 7 1 composition was used for the calculations as proposed by Roels in 1983. The specific glucose 1 7 2 consumption rates were calculated based on the logarithmic method proposed in Görgens et al. cultures. For regression analysis, the coefficient of determination (r 2 ) was used to determine the 1 7 8 statistical significance of the fit, where a value above 95% was considered statistically 1 7 9 significant. production rates under the different growth conditions tested (Fig. 1) . In general terms, a higher 1 8 5 maximum specific growth rate was observed when a higher salt concentration is present in the 1 8 6 media, except for concentrations of 2M of either salt, compared to control conditions. Sodium 1 8 7 exhibit a significantly stronger positive impact than potassium, as the highest growth rate was concentrations of 1M resulted in a higher growth rate compared to control, although lower than 1 9 0 for NaCl). On the other hand, a decrease in specific growth rate is observed when the 1 9 1 concentration of salts is above 1M, and up to 2M (Fig. 1, table) . However, even at concentrations 1 9 2 6 of both sodium and potassium up to 1.5M, the growth rate values are still significantly higher 1 9 3 than in control conditions (no salts added). Surprisingly, at 2M NaCl the growth rate is lower, 1 9 4 but still very close to control conditions, although a prolonged lag phase is observed in 1 9 5 comparison (exponential growth phase starts around 30-35 hours in the control vs. 40-45 hours 1 9 6 for 2M NaCl, as inferred from the CO 2 profiles in Fig.1 ). In contrast, the addition of 2M KCl 1 9 7 results in a lower µ max compared to the 2M NaCl and also lower than the control, reinforcing the 1 9 8 fact that NaCl still exerts some beneficial effect in D. hansenii's cell performance overall. The same conclusion can be inferred if we observe the carbon dioxide evolution rate (CER) of D. hansenii in the presence of salts over time (Fig. 1) . The profiles show a higher CO 2 production 2 0 1 (that can be translated into higher glucose consumption, hence a higher metabolic rate) when the still higher than compared to the control conditions, except for 2M in which the production rate 2 0 5 is lower than the control for both salts (Fig. 1 ).
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Biomass yield on substrate and biomass titers show a differential effect among K + and Na + 2 0 7
The observed decrease in the specific growth rate from above 1M of salt seems to be 2 0 8 compensated by a slightly higher biomass yield upon glucose, as was observed for the dry weight 2 0 9 measurements during the cultivation time, although only for the addition of potassium (Table 1) .
The final biomass titers were not significantly different though, with the exception of the 2M 2 1 1 sodium which were slightly higher in comparison (Suppl. Fig. S1 ).
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When the specific glucose consumption rate was calculated, D. hansenii showed higher rates of 2 1 3 consumption in the presence of NaCl or KCl than in control conditions, and again this effect 2 1 4 started to revert once the concentration of salts used was above 1M up to 1.5M, although still 2 1 5 higher values than those observed in the control (Table 1) , while at 2M NaCl the specific 2 1 6 consumption rates were lower than the control. The specific glucose consumption values 2 1 7 observed were higher for sodium than for potassium at lower concentrations (1M -1.25M), as 2 1 8 seen before for the specific growth rate, however the opposite is observed at higher 2 1 9 concentrations (uptake rates are higher in the presence of potassium).
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To further investigate the effect of salts on the specific glucose uptake rates, D. hansenii was 2 2 1 grown in low glucose conditions (0.2%), preliminarily in shake flasks and later by using 2 2 2 bioreactors, to further confirm the findings in flasks. In the shake flask experiments, it was 2 2 3 observed that cells growing in the presence of 1M KCl adapted much faster to the nutrient 2 2 4 limitation and were able to grow at a significantly higher rate compared to the other conditions 2 2 5 tested (Suppl. Fig. S2 ). This effect was also observed in the presence of 1M NaCl, but at a lower the cells, which still grew at a similar growth rate compared to the control. Strikingly, the 2 2 8 presence of 2M of NaCl resulted in almost 3 times higher biomass concentration than the control conditions. In this particular circumstance (high salts and low glucose), the effect of potassium 2 3 0 seems to be benefitial in terms of growth rate, but sodium seems to have a better effect in cell 2 3 1 performance in the long run, since the growth rate is slower but the final biomass concentration 2 3 2 7 is much higher in return (Suppl. Fig. S2 ). All together seem to confirm, without a doubt, the 2 3 3 halophilic character of D. hansenii in one hand, and the differential effect of Na + and K + salts, in 2 3 4 the other. Based on these results in shake-flasks, and in order to obtain a more complete dataset that would 2 3 6 support such observations, we then conducted the same type of batch cultures with a reduced 2 3 7 initial glucose concentration (0.2%) in bioreactors without pH regulation (thus mimicking the 2 3 8 previous flask conditions). Our previous observations in flasks cultivations were confirmed, 2 3 9 however interesting differences were observed. The carbon dioxide evolution rates (CER) exhibit 2 4 0 a much faster adaptation ( Fig. 2A) , evidenced by a shorter lag phase, when cells growh in the analyses showed significantly higher specific glucose uptake rates and, surprisingly, much higher 2 4 3 growth rates at 1M of NaCl or KCl, than compared with the rest of the conditions (Fig. 2B) . In As observed in the graph, the CER profiles are very similar between control conditions and cells 2 4 8 and might already suggest a fully respiratory metabolism, regardless of the presence or absence 2 7 2 of (high) salt in the cultivation media. The Respiratory Quotient (RQ) values calculated over the entire course of the culture, show to be 2 7 4 below or equal to 1 during the exponential growth phase, but never above this value (Fig. 3) , this 2 7 5 further supports the absence of fermentation, and therefore confirms that D. hansenii is not 2 7 6 producing ethanol from glucose in our conditions, not even in the presence of high salts, as nor in the liquid broth samples (Table 1) . strain. Our observations align well with the latter study, confirming that no ethanol production is 2 8 5 occurring in our strain either, thus further proving that D. hansenii is crabtree negative. In order to test the influence of external pH regulation in the halotolerant / halophilic behavior of 2 8 9 D. hansenii, parallel bioreactor cultivations in normal glucose (2%) were run, in which no pH 2 9 0 control was set, and extracellular pH levels were measured on-line in real time. It was observed 2 9 1 that, when no pH control was exerted, the CO 2 profiles of D. hansenii evidenced a long 2 9 2 mantained plateau phase which cannot be seen in pH-controlled fermentations, both in control 2 9 3 conditions and under the effect of salts (Fig. 4) . The changes in the external pH over time, for the 2 9 4 different conditions tested, are also shown in Supplementary Fig. S4 . This led us to determine, that no meaningful conclusion about metabolic patterns or behavior can 2 9 6 be made, with a high degree of accuracy, in non-controlled cultivation environments: whatever 2 9 7 conclusion made is undoubtedly linked to other limiting factors. This means, that previous 2 9 8 studies reporting such conclusions, whose data was obtained from non-controlled environments 2 9 9 (such as shake flasks, for example) must be considered cautiously. control conditions, than when pH control is set in the bioreactors (Table S1 at Supp. material).
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Interestingly, the previously described plateau in the CO 2 profiles is not observed for non-pH peaks can be seen in the CO 2 emission profiles (Figure 2A ). Here, a faster pH decrease occurs in 3 1 1 optimal growth conditions, corresponding to 1M salt added (either NaCl or KCl) to the media 3 1 2 (Suppl. Fig. S5 ), compared to the control. This further supports the summative effect of low pH 3 1 3 and increasing salts, to be very beneficial for overall D. hansenii's performance, as already 3 1 4 shown in Figure 2B . About the type of limitation that is occuring, and that generates the long-plateau phase seen in 3 1 6 the CO 2 emission profiles at normal glucose (2%), and why we do not observe such limitation in 3 1 7 limited sugar (0.2%) we cannot elaborate further with the data that we have. This shall need to be 3 1 8 addressed by future, and more specific, experimental studies. The results obtained during this study, indicate that high salt concentrations in the culture media in the case of NaCl, our results seem to finally confirm the halophilic behavior of this particular interesting finding is that NaCl exhibit a more significant positive impact than KCl, as the 3 2 5 optimal growth rates are reached in the presence of 1M of NaCl, closely followed by the values 3 2 6 reached at 1M of KCl. This effect is even higher when the glucose source is scarce, as shown in There is, however, a longer lag phase when the yeast are grown in the presence of 2M NaCl, 3 2 9 both seen in normal (2%) and limited (0.2%) carbon, which may have led to the previous previous conclusions can of course be due to the fact that those studies have been performed 3 3 3 using different media and another yeast strain different than ours, and in non-controlled 3 3 4 conditions (we actually see in our study that 2M salts in non-controlled conditions can indeed 3 3 5 result in growth defficiency, as observed in Fig. 4B and 4C) , our data additionally show that the 3 3 6 decrease in growth rate is not that dramatic at high salts (2M), and moreover, we also observed a 3 3 7 slightly higher biomass yield in normal carbon, a much higher biomass yields in nutrient-limiting 3 3 8 conditions compared to control conditions, as shown in Figure 2B , that the previous studies did 3 3 9 not observe. We propose this as a survival strategy of D. hansenii to prevail in drying (as a consequence of the lack of water), Debaryomyces reacts by increasing µ max at moderate-3 4 3 high salinity levels (over 1M is already considered toxic for other yeast and bacterial species, so 3 4 4 they have difficulties to proliferate (Yan et al., 2015) ), hence increasing the glucose uptake rate (as our data reveals) thus ensuring getting the most of the available carbon for its survival in increasing, slowing down the growth rate while still proliferating to overpopulate the area, 
